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Abstract

Lowered immune responses during bovine ostertagiosis have been reported in both in vivo and in
vitro assay systems. In the present study we have employed three different life cycle stages of the ne-
matodeOstertagia ostertagito determine if products of this economically important parasite inhibit
in vitro proliferation of Con A-stimulated cells from uninfected animals. We have demonstrated an
inhibitory effect upon the growth of Con A-stimulated lymphocytes after addition of fourth stage
larval (L4) soluble extract (L4SE) to the cultures. In contrast, extracts from the third stage larvae
(L3) had little or no inhibitory activity. The suppressive products were also shown to be secreted by
the late L4. The suppressive activity is reversible if the L4 products are removed from culture. There
is no immediate effect on proliferating cells and the L4SE must be in culture for 24–48 h before
suppression is observable. The L4SE caused slight but not statistically significant decreases in the
percentage of T cells and increases in B cell percentages in cultures when compared with cultures
stimulated with Con A alone. No changes were seen in percentage of cells positive for markers
for CD4, CD8,�� T cells, or monocytes/macrophages as a consequence of the addition of L4SE.
In contrast, there was a strong and significant reduction in the expression of the IL-2 receptors in
cells cultured in the presence of the worm extract. There was no evidence of either necrosis or
apoptosis resulting from the presence of L4 products in culture. The expression of messenger RNA
for interleukin-2, -4, -13, tumor necrosis factor-alpha (TNF-�), and gamma-interferon (�-IFN)
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was decreased when L4SE was included in cultures of Con A-stimulated cells compared to cul-
tures stimulated with Con A only. In contrast, messenger RNA expression of transforming growth
factor-beta (TGF-�) and interleukin-10 (IL-10) was increased in cells growing in the presence of
L4 products. The potential role of these cytokines during ostertagiosis is discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Modulation of the host immune responses by pathogenic organisms, and especially par-
asites, has been reported on numerous occasions (for review, seeSher et al. (1990, 1992)).
Such modulatory activity has been described in both protozoan and nematode infections
(Osborne et al., 1996). This ability to lower host responsiveness may induce chronic disease
by prolonging the existence of the parasites at the site of infection, or may enhance aspects
of the acute infection depending on a variety of factors such as location, host genetics, dose,
and molecules secreted by parasites (Urban et al., 1998).

Bovine ostertagiosis is the most economically important parasitic disease affecting cattle
in temperate regions of the world. The disease is particularly important in young animals in
the first or second grazing season, but adult cattle may also harbor clinical infections. Unlike
most gastrointestinal nematodes of cattle, development of immunity against the parasite
is slow to arise, and is seldom completely protective against reinfection (Armour, 1985;
Ploeger et al., 1995). This prolonged susceptibility to the detrimental effects of the parasite
is a principle reason why the parasite causes severe economic losses. It has been postulated
by a number of authors thatOstertagia ostertagiis capable of modulating the immune
system of the host. Proposed mechanisms have included the generation of suppressor T
cells, a generalized non-specific hyporesponsiveness, and polyclonal lymphocyte activation
(Klesius, 1993; Yang et al., 1993; Gasbarre, 1997). In addition, it has been extremely difficult
to induce antigen-specific proliferation when adding specific antigens to cultures taken from
infected cattle (Cross et al., 1986; Snider et al., 1986).

Studies performed in vivo, including identification of lymphocyte subpopulations in the
draining lymph nodes, have shown a decrease in the percentage of CD4+ lymphocytes in
non-immune animals after infection (Cross et al., 1986). This coincides with a local increase
in IgM-bearing cells and a decrease in CD3+ cells (Almeria et al., 1997b; Gasbarre, 1994).
This decrease in the percentage of T cells is seen in spite of a general increase in mRNAs
for a number of cytokines including�-IFN and IL-4 (Almeria et al., 1997a; Canals et al.,
1997).

The ability ofO. ostertagiantigens to modulate proliferation in Con A-stimulated murine
lymphocytes has been demonstrated (Cross and Klesius, 1989). Recently, extracts ofO.
ostertagilarvae have been shown to inhibit in vitro proliferation of bovine lymphocytes
from infected cattle (De Marez et al., 1997). Little is known concerning the mechanisms
involved in modulation of the immune response toO. ostertagi. The purpose of this study
was to identify the parasite stages that may modulate host responses, and to clarify the
mechanisms involved in suppression.



M.T. Gómez-Muñoz et al. / Veterinary Parasitology 120 (2004) 199–214 201

2. Material and methods

2.1. Animals and parasite strain

Holstein-Friesen calves acquired at birth and maintained on concrete to preclude infection
were used as sources of peripheral blood mononuclear cells (PBMC). Animals were weaned
at 60 days of age and then maintained on a 16% protein diet supplemented with alfalfa and
orchard grass hay, with water available ad libitum. The strain ofO. ostertagiwas isolated at
the USDA Regional Parasite Laboratory, Auburn, AL, and has been maintained by transfer
through helminth-free calves at 3–6-month intervals, for in excess of 30 years.

2.2. PBMC isolation and cultures

Isolation of PBMC was performed over a Ficoll-Hypaque density gradient. Donor an-
imals for all experiments were uninfected calves that had been maintained since birth on
concrete. Gradients were centrifuged at 4◦C for 45 min at 1000×g. After three washes with
Hank’s balanced salt solution (HBSS) without calcium and magnesium, the PBMC were
resuspended in RPMI supplemented with 5× 10−5 M 2-mercaptoethanol, 25 mM HEPES,
100 U ml−1 penicillin, 100�g ml−1 streptomycin, 50�g ml−1 kanamycin, and 5% bovine
fetal calf serum (5% RPMI). Cells were cultured at 4×105 cells per microtitre well and Con
A was added at 1 or 2.5�g ml−1. Extracts fromO. ostertagiand other species were added at
concentrations ranging from 0 to 50�g ml−1. After 2 or 3 days in culture (37◦C, 5% CO2),
0.5�Ci of tritiated thymidine (3H) was added to the cultures and cells were harvested 6 h
later onto glass fibre filters for determination of incorporation of3H.

Cells cultured in 62 ml culture flasks at a concentration of(1–2) × 106 cells ml−1 were
used for isolation of RNA for cytokine analysis and for staining for the determination of cell
surface markers by flow cytometric analysis. Four treatments were used: (1) cells cultured
in 5% RPMI only; (2) lymphocytes cultured with 1�g ml−1 Con A (100% stimulation);
(3) cells cultured with 1�g ml−1 Con A plus 40�g ml−1 of L4 extract; (4) cells cultured
with 40�g ml−1 L4 extracts. After 18 h incubation, cells were recovered and washed with
HBSS, counted and 5× 106 cells were removed for flow cytometric analysis. The remain-
ing cells were centrifuged at 200× g (4◦C) and the pellet was disrupted in guanidinium
isothiocyanate, as described below.

2.3. Parasite extract preparation

Donor calves were infected with 2× 105 O. ostertagiL3, and were killed 10 days
later to obtain L4 or at later times for recovery of adult worms. Adult and L4 soluble
extracts (AdSE, L4SE) were obtained by disruption of the worms followed by centrifugation
at 20 000× g at 4◦C. The same procedure was used to obtain SE from other parasite
species. Excretory/secretory (ES) products from L4 worms were obtained after 24 h culture
in RPMI containing 1000 U ml−1 penicillin G potassium, 1 mg ml−1 streptomycin sulfate,
and 1�g ml−1 kanamycin (Canals and Gasbarre, 1989). Soluble extract from L3 (L3SE)
was obtained from larvae isolated from 14-day-old spaghnum moss cultures. Larvae were
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Table 1
Isotypes and predominant specificity of the monoclonal antibodies used

Antibody Isotype Specificity

MM1A IgGl CD3
CACT138A IgGl CD4
CACT80C IgG1 CD8�
CACT116A IgGl IL-2R�

GD3.8 IgGl �� T cells
BAQ155A IgGl B cells
CAM36A IgGl Monocytes and macrophages

subjected to three cycles of freezing and thawing (−20◦C), followed by disruption of the
worms in a glass-in-glass homogenizer. The resulting suspension was then centrifuged at
20 000× g at 4◦C. The supernates from the different extracts were dialyzed overnight
against PBS using a 10 kDa membrane, filtered through a 2�m pore filter, and kept at
−20◦C until use (Canals and Gasbarre, 1990). Protein concentration was determined by
the method ofBradford (1976).

2.4. Flow cytometry

Immunofluorescence staining of PBMC was performed as described byGasbarre (1994).
Monoclonal antibodies (mAb) are described inTable 1. The monoclonal antibody PT85 that
recognizes a monomorphic determinant on class I antigens was used as a positive control
while background staining levels were determined with control mouse ascitis fluid. After
staining, cell staining patterns were determined in an Epics Profile II flow cytometer (Coulter
Corp., Hialeah, FL).

2.5. RNA isolation and competitive reverse transcription-polymerase chain reaction
(RT-PCR)

PBMC were disrupted in guanidinium isothiocyanate buffer (4 M guanidinium isothio-
cyanate, 5 mM Na citrate, 10 mM EDTA, 0.5% Na sarkosyl, 100 mM 2-mercaptoethanol),
and RNA was extracted (Chomczynski and Sacchi, 1987). After RNA isolation, contam-
inating genomic DNA was digested in the presence of RNAse inhibitors (2.5 U DNAse
RNAse-free, 80 U RNAse inhibitor). Synthesis of cDNA was performed using 10�g of to-
tal RNA in the presence of oligo dT and Moloney murine leukemia virus RNase H-reverse
transcriptase (Superscript Preamplification System, GibcoBRL, Gaithersburg, MD), ac-
cording to manufacturer’s instructions. Detailed description of competitor molecules for
bovine IL-2, IL-4, IL-10, IFN-�, and TGF� have been published elsewhere (Almeria et al.,
1997a, 1998; Canals et al., 1997). Competitor molecules for bovine IL-13, and TNF-�,
were constructed as previously described (Zarlenga et al., 1995). The size of the amplified
products as well as the primer sequences are listed inTable 2.

Conditions for polymerase chain reaction were described elsewhere (Canals et al., 1997).
Briefly, PCR amplification was performed in a Perkin-Elmer (Perkin-Elmer, Norwalk, CT)
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Table 2
Size (bp) of the cDNA and competitor cytokine molecule fragments amplified, and forward and reverse primer
sequences used in the competitive RT-PCR

Cytokine and competitor Size (bp) Primer

cDNA Competitor

IL-2 488 323 GTACAAGATACAACTCTTGTCTTGC (F)
TCAAGTCATTGTTGTTGAGTAGATGATGCTT (R)

IL-4 400 310 ATGGGTCTCACCTACCAGCTG (F)
CAACACTTGGAGTATTTCTCCT (R)

IFN-� 440 310 TATGGCCAGGGCCAATTTTTTAGAGAAATA (F)
TTACGTTGATGCTCTCCGGCCTCGAAAGAG (R)

TGF-� 608 455 AGAAGATCTCTGCTGTGTTCGTCAGCTCTAC (F)
CGGAGATCTGAACTGAACCCGTTAATGTCC (R)

IL-13 324 273 CTGGAATTCATGGCGCTTTTGTTGACCACGG (F)
TACGAATTCGGCCACCTCGATTTTGGTGTC (R)

TNF-� 410 320 AGAATTCAGGTCCTCTTCTCAAGCCTCAAGT (F)
TGGATCCCGGCAGGTTGATCTCAGCACTGAGG (R)

IL-10 590 465 ATGCATAGCTCAGCACTACTCTGTTGCCTG (F)
TCACTTTTGCATCTTCGTTGTCATGTAGGTT (R)

HPRT 230 186 GGAGATGATCTCTCAACTTTAACTGG (F)
CATTATAGTCAAGGGCATATCCCAC (R)

DNA thermal cycler (Gene Amp 9600). Cytokine quantification was done after 35 cycles
at 94◦C for 30 s, 55◦C for 1 min, and 72◦C for 7 min. PCR was initiated by incubating all
reactions for 10 min at 95◦C to activate the polymerase (Taq Gold, Perkin-Elmer, Norwalk,
CT). cDNA and competitor molecules for each cytokine were differentiated by size separa-
tion utilizing a 1.8% metaphore:0.2% GTG agarose gel stained with ethidium bromide. The
relative amounts of each cDNA and competitor were quantified by scanning photographed
gels, using Sigmagel TM (Jandel Scientific, San Rafael, CA). Amplification of hypoxan-
thine phosphoribosyltransferase (HPRT) cDNA and competitor molecules was used as a
positive control for cDNA synthesis and was normalized to a cDNA:competitor ratio of 1
prior to the amplification of the cytokines. One constant concentration of the competitor
molecule was used for each cytokine assay after empirical determination by serial dilutions,
so that the amount of amplified products could be quantified (data not shown). Scanned re-
sults were expressed as relative intensities of the target cDNA band (A) to its competitor
band (B) (R = A/B) and normalized to the amount of HPRT in each sample. Ratios are
relative intensity values and do not necessarily reflect fold differences in the amount of
cytokine mRNA produced between two analyzed samples.

2.6. Programed cell death detection

Genomic DNA was isolated from cells in culture for 3 days utilizing Puregene TM (Gentra
system Inc., Minneapolis, MN) according to the manufacturer’s instructions. Each sample
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was run in a 1.6% metaphore:0.07% GTG gel and then stained with ethidium bromide
to visualize DNA laddering for detection of later stages of apoptosis. Cells treated with
5% ethanol were used as the positive control for apoptosis, while untreated cells stained
immediately after isolation from whole blood were used as the negative control.

Annexin V binding to the externalized phosphatidyl serine of the cell membrane was
used to detect the early stages of apoptosis (ApoAlert; Clontech Lab. Inc., Palo Alto, CA).
A total of 2×105 cells were washed and resuspended in appropriate buffer for the staining,
following the manufacturer’s instructions. FITC (green fluorescence)-labeled Annexin V
and propidium iodide (red fluorescence) were used to distinguish between dead cells and
apoptotic cells. Normal cells were not stained, dead cells exhibited both green and red
fluorescence, and apoptotic cells showed only green fluorescence.

2.7. Statistical analysis

Differences among groups were tested using random effects one-way ANOVA (Jandel
Scientific, Sigma, St. Louis, MO). Values were considered to be significantly different when
P ≤ 0.05.

3. Results

3.1. Lymphocyte proliferation

Lymphocytes cultured for 3 days in the presence of Con A showed high levels of stim-
ulation. The effect of varying concentrations of parasitic extracts taken from the L3, L4,
or adult stages on proliferation is shown inFig. 1. Extracts from the L3 had no inhibitory
effect on the magnitude of the Con A-induced proliferation at any concentration tested;
moreover there appeared to be slight increases in thymidine incorporation at some of the
time points examined. Adult extracts caused a slight decrease in the thymidine incorpo-
ration, but this effect was not as marked as that seen for L4 extracts which demonstrated
a substantial dose-dependent inhibitory effect on proliferation. This effect was observed
with both concentrations of Con A (1 and 2.5�g ml−1) tested. The effect was first seen at
10�g ml−1 of L4SE in cultures stimulated with 1�g ml−1 Con A, and at 20�g ml−1 of
extract at 2.5�g ml−1 Con A. The highest level of suppression was observed between 30
and 40�g ml−1 of L4SE. This effect was not influenced by the source of the PBMC as
cells taken from different individual animal did not substantially differ with respect to the
level of suppression induced (data not shown). The inhibitory activity was also found in
excretory/secretory products of the worm (Fig. 2). Cells cultured in the presence of ESL4
showed 10–30% less stimulation when compared to cells cultured in similar amounts of
soluble extracts from the three life stages of the parasite.

To determine if the extracts could suppress actively dividing cells, PBLs were isolated
from an uninfected animal and cultured in the presence of Con A at either 1 or 2.5�g ml−1

with L4SE (1, 10, and 100�g ml−1) added at 0, 1, or 2 days after culture. The incorporation
of 3H was measured at days 2, 3, and 4 in culture.Fig. 3, showing representative results
using 1�g ml−1 Con A and 100�g ml−1 L4SE, indicates that the suppressive effect could
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Fig. 1. Percent stimulation of cultured PBLs with 1�g ml−1 (a) or 2.5�g ml−1 (b) of Con A after 3 days in culture
with (�) L3 soluble extract, (�) L4 soluble extract, or (�) adult soluble extract. Results are expressed as the
mean and standard deviation of four animals.
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Fig. 2. Percent stimulation of cultured PBLs with 1�g ml−1 of Con A after 3 days in culture with (�) L3 soluble
extract, (�) L4 soluble extract, (�) adult soluble extract, or (�) L4 excretory/secretory extract. Results expressed
are the mean and standard deviation of samples in triplicate.

not be observed immediately, and that it required at least 48 h for the effect of the L4SE to be
demonstrable on actively dividing cells. To determine if the inhibitory effect was reversible,
cells were cultured for 1 day in the presence or absence of L4SE (1, 10, and 100�g ml−1),
then recovered and washed extensively with HBSS, and then subsequently cultured in
the presence of Con A (2.5�g ml−1). The incorporation of thymidine was unaffected by
previous culture with the parasite extract indicating that the presence of L4SE in culture
was required for the observation of the suppressor effect (data not shown).

To determine if extracts of other common nematode parasites of cattle contained a sim-
ilar inhibitory activity, extracts from adultCooperia oncophora, Dictyocaulus viviparus,
Oesophagostomum radiatumandHaemonchus placeiwere collected and added to cells cul-
tured with Con A. None of the extracts showed any inhibitory activity at the concentrations
tested (0.5–50�g ml−1) (Fig. 4).

3.2. Lymphocyte populations affected

Con A-stimulated cells cultured in the presence of L4SE showed slight reductions in
the numbers of cells staining for the CD3, CD4, and CD8 markers when compared to
cells stimulated with Con A and cultured in the absence of L4SE. The decreases noted
were in the range 10–20% and, although consistent among cultures, were not statistically
significant. Cells staining for surface markers for the�� receptor, macrophages, and B
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Fig. 3. Effect of addition of L4SE at various time after initiation of culture of PBLs. L4SE at 100�g ml−1 was added
at the indicated times to cultures stimulated with Con A at 1�g ml−1 at the time of culture. (A) Non-stimulated
cells; (B) L4SE at time of culture; (C) L4SE at day 1 post-culture; (D) L4SE at day 2 post-culture; (E) no L4SE.
Results expressed are the mean and standard deviation of samples in triplicate.

cells were unchanged. Together these results indicated a slightly higher, but not statistically
significant, percentage of B cells in cultures grown in the presence of L4SE (data not shown).

In contrast to the small differences noted with other surface markers, the percentage of
lymphocytes expressing the alpha chain of the IL-2 receptor was significantly reduced in the
presence of L4SE. In cultures stimulated with Con A in the absence of L4SE, expression
of the IL-2 receptor reached levels as high as 70% after 1 or 3 days in culture (Fig. 5).
In contrast, the addition of larval extracts to the Con A-stimulated cultures resulted in a
significant decrease (P < 0.01) in the expression of IL-2 receptor by the lymphocytes. A
less marked decrease was also seen in IL-2 receptor expression in non-stimulated cultures
containing larval extracts.

3.3. Cytokine gene expression

To assess cytokine gene expression, mRNA isolated from lymphocytes cultured with
mitogen were compared to lymphocytes cultured with the mitogen and L4SE. Cells cultured
in the presence of the L4SE showed very low expression for most of the cytokines tested
after 18 h in culture when compared to cells cultured in the presence of the mitogen alone
(Table 3). Transcription of IL-2, IL-4, IL-13, TNF-� and IFN-� were much lower in the
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Fig. 4. Percent stimulation of cultured PBLs with 1�g ml−1 of Con A after 3 days in culture. Soluble extract of
(�) O. radiatum, (�) C. oncophora, (�) D. viviparus, and (�) H. placei. Results expressed are the mean and
standard deviation of samples in triplicate.

presence of the L4SE. In contrast, expression of mRNA for TGF-� and IL-10 were higher
in cells cultured in the presence of the L4SE.

3.4. Measurement of apoptosis

The ability of Annexin V to bind to the external membrane phosphatidyl serine was used
to detect cells undergoing programmed cell death.Table 4shows the percent of apoptotic

Table 3
Expression of mRNA of IL-2, IFN-�, IL-4, IL-13, TNF-�, TGF-� and IL-10 by Con A-stimulated cells in the
presence or absence of L4SE

Cytokine Con A at 1�g ml−1 Con A+ L4SE at 40�g ml−1

IL-2 0.9 0.1
IFN-� 20.7 1.1
IL-4 2.3 0.2
IL-13 103.1 1.6
TNF-� 1.4 0.5
TGF-� 1.4 3.1
IL-10 0.3 0.8

Results are the mean of two samples and are expressed as ratios of amplified native cDNA to competitor molecule
after normalization to HPRT ratios.
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Fig. 5. IL-2R expression in lymphocytes from uninfected animals after stimulation with 1�g ml−1 of Con A in the
presence (�) or absence (�) of L4SE. Results are expressed as the mean and standard deviation of four animals.
∗Significant differences atP < 0.05; ∗∗significant differences atP < 0.01.

cells after different treatments. In the absence of L4SE (treatments 1 and 2) 7–8% of the
cells became apoptotic after 2.5 h in culture. When cells cultured with L4SE (40�g ml−1;
cultures 3 and 4) were examined, a slightly higher staining (∼10%) was observed. After
1 day, the percentages of stained cells were similar in both Con A cultures (∼16% in
treatments 2 and 3) and in cultures in the absence of Con A (∼20–22% in treatments 1 and

Table 4
Percent of cells exhibiting Annexin binding after 1, 2, or 3 days in culture in complete medium with or without
Con A at 1�g ml−1 in the presence or absence of L4SE at 40�g ml−1

Treatment 2.5 h 1 day 2 days

None 8.0± 1.0 20.8± 2.8 13.5± 3.4
Con A 7.2± 1.2 16.2± 2.4 12.4± 2.2
L4SE 10.3± 0.6 16.0± 2.4 13.7± 2.2
Con A+ L4SE 10.5± 2.4 22.3± 4.1 15.7± 2.6

Results expressed as the mean and standard deviation of four animals.
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4), regardless of the presence of L4SE. By the second day in culture the percentage of stained
cells was similar among all treatments and no differences were observed in L4SE-treated
cultures.

Apoptosis was also measured by directly examining the integrity of the genomic DNA.
PBMC from three animals were cultured for 3 days under the four conditions previously
noted: in 5% RPMI, with Con A, with Con A and L4SE, and with L4SE only in the medium.
Genomic DNA was extracted and run on agarose gels with positive and a negative controls
for analysis, via laddering patterns, for programmed degradation of the DNA. No differences
were observed among treatments, and only the positive control clearly showed a laddering
pattern (data not shown).

4. Discussion

Previous studies have indicated thatO. ostertagimay suppress in vivo immune responses
in cattle. These studies indicated that the parasite causes a depression in T cell responses
while B cells responses remain normal (Klesius, 1993; Snider et al., 1986; Yang et al., 1993).
Concurrent with this immunosuppression are increase in the percentage in B cells and��
T cells at the site of infection, i.e. the abomasal mucosa and regional lymph nodes, and a
decrease in�� T cells (Almeria et al., 1997b; Gasbarre, 1994). A potential mechanism for
this suppression is reported in this paper.

Extracts ofO. ostertagihas usually been examined for the presence of parasite antigens
that could be of use in diagnostic tests or as protective immunogens (Canals and Gasbarre,
1990; Klesius, 1993). In the present study, we tested the three parasitic stages of the nema-
tode found within the vertebrate host, for their ability to suppress host immune responses.
Crude extracts of L3 were found to possess no inhibitory activity, while extracts of adult
worms are weakly suppressive. In contrast, L4 extracts, including excretory–secretory prod-
ucts, are strongly suppressive. It is interesting that the immunosuppression found in vivo in
ostertagiosis is transient and is most pronounced during the development from L4 through
the early adult stage of the parasite, i.e. from 6 through 20 days post-infection (Klesius,
1993). These results differ slightly from those reported byDe Marez et al. (1997)which
indicated that adult extracts have a more pronounced suppressive effect. This difference
between the two studies in the level of suppression caused by adult extracts may be the
result of the strain or age of the parasites used, indicating that different stages or ages of
the adult worms should be investigated in future studies.

Programmed cell death is thought to be present in many developmental processes in
nematodes as well as in mammals (Driscoll, 1996). In addition, apoptosis is an important
component of cytokine-dependent T cell growth and regulation (Critchfield et al., 1995;
Lenardo, 1991). The results of this study do not indicate that L4SE increased the rate of cell
death in cultured cells through either necrosis or apoptosis. Although there is no evidence of
apoptosis in vitro, this does not rule out the possibility that apoptosis could be an important
component of in vivo suppression. Studies have indicated that the induction of apoptosis in
immune cell populations is strongly influenced by the microenvironment of the cells (Akbar
and Salmon, 1997). As such, further studies are necessary to determine if products of the
parasite induce apoptosis in vivo.
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The addition of L4SE to PBL in cultures strongly affected cytokine mRNA expression. In
general, mRNA for cytokines involved in cell growth and differentiation were reduced. In
contrast, TGF-� and IL-10 which are potent down-regulatory cytokines for T cells showed
increased expression when the parasite extracts were added to stimulated cells. This is in
agreement with the results obtained during experimental infections with the parasite, which
showed a decrease in IL-2 and IFN-� expression after in vitro stimulation of lymphocytes
taken from the regional lymph nodes during the early phase of a primary infection (Canals
et al., 1997). At the same time messages for IL-4, IL-10 and TGF-� increase after a pri-
mary exposure to the parasite. In addition, when cytokine mRNA is measured in immune
animals, a decrease in IL-4 and TGF-� is seen (Almeria et al., 1998). These results point
out the central conundrum ofO. ostertagiinfections in cattle. In this host–parasite system,
the parasite appears to be highly immunogenic. The lymph nodes draining the site of in-
fection increase in mass 20–30-fold within 3–4 weeks of infection (Gasbarre, 1986). At
the same time there is very little infiltrate seen near the L4 while the parasites are in the
gastric glands. Immediately after the parasites exit the glands there is a rapid accumula-
tion of host immune cells in the vacated and damaged gland. Thus, it appears that parasite
antigens are highly immunogenic in the draining lymph tissues (Gasbarre, 1986), but that
the cells either do not successfully home to the site of infection (i.e. the gastric glands)
or that they are inactivated by products of the parasite once they reach the developing
larvae.

If the parasite can actively suppress reactive cells as they home back to the abomasum,
the results demonstrating increases in mRNA expression for only the regulatory cytokines
IL-10 and TGF-� are intriguing. In extensively studied chronic protozoan infections, such as
Trypanosoma cruzi, which does not appear to provoke a protective immune response, it has
been postulated that TGF-� and IL-10 have a down-regulatory function in the development
of immunity, which results in prolonged parasite survival (Gazinelli et al., 1992). Similarly,
Leishmaniainfections have also been shown to induce the production of TGF-�, both in
vivo and in vitro (Barral-Netto et al., 1992; Virmondes Rodrigues et al., 1998). At the same
time, TGF-� has also been targeted as an antagonist of other protective cytokines during
Toxoplasma gondiiinfections (Hunter et al., 1995). It has been proposed that once induced,
TGF-� can limit T cell clonal expansion by acting as an autoregulatory cytokine (Sporn
and Roberts, 1990). A potential role for TGF-� in O. ostertagiinfections is especially
intriguing becauseRiddle (1996)has shown that the expression of a TGF-� homolog inC.
elegansis important in hypobiosis, which is perceived to be an important characteristic of
trichostrongylid nematodes in general, but is most strongly associated with the biology of
O. ostertagiinfections.

Finally the results of this study emphasize the difficulty in applying the Thl/Th2 paradigm
to O. ostertagiinfections. In murine models a clearly differentiated Th1–Th2 cytokine pat-
tern has been used to explore the immune responses provoked by intracellular and extra-
cellular organisms. This pattern is characterized by an increase in production of IL-2 and
IFN-� during a Th1 response against intracellular organisms, and an increase in IL-10 and
IL-4, among other cytokines, during a Th2-type response against extracellular parasites, e.g.
nematodes. However, this pattern is not always seen, as reported in infections byTrichinella
spiralis or Schistosoma mansoni(Pond et al., 1989; Brown et al., 1994). Additionally, in
cattle the Th1 versus Th2 commitment is not well defined in either T cell clones or in vivo
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responses (Almeria et al., 1997a; Brown et al., 1994; Canals et al., 1997). Even primary
infections byO. ostertagiseem to induce very strong Th2 cytokine profiles, i.e. high levels
of IL-4. In the well characterized murine model systems, these responses are associated
with protective immunity against GI nematodes. In contrast, primaryO. ostertagiinfec-
tions induce little or no protective immunity. A possible explanation for this discrepancy
may be the suppression of the effector phase of the response in the tissue adjacent to the
parasite.

In the present paper, we have shown the presence of suppressive substances in extracts
of the L4 stage ofO. ostertagi, and that the suppressive factor(s) is also present in excre-
tory/secretory products. Although one must be cautious when extrapolating results derived
from in vitro studies to the more complex in vivo microenvironment, these data nonetheless
suggest that inhibition of local immune responses may be an important facet of the infection,
by causing a delay in the generation of protective immune responses. Additional work is
required to identify the mechanism of the suppression, and the parasite products responsi-
ble. Clarification of the activity will greatly aid efforts to develop effective immunological
control programs for this economically important parasite of cattle.
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